Introduction
have salvage harvesting activities that aim to recoup fi nancial losses from the natural disturbance ( Lindenmayer et al. , 2004 ) . These salvage logging operations are widespread and common, but we know very little about how such management actions infl uence forest regeneration, biodiversity and risk of later disturbance.
One of the potential infl uences of salvage logging on forest recovery and diversity might occur via alterations in the variety and abundance of microsites ( Beatty, 1984 ; Kuuluvainen and Juntunen, 1998 ) , which are one component of the broader concept of biotic legacies Lindenmayer, 2006 ) . Lindenmayer et al. (2004 , see also Foster and Orwig, 2006 ; Lindenmayer and Noss, 2006 ) suggested that one way disturbances maintain ecosystem diversity and function is through the variety of legacies resulting from disturbances, and that salvaging reduces legacy diversity. It is indeed well known that differing microsites in wind-disturbed forests have distinct environments ( Beatty, 1984 ; Beatty and Sholes, 1988 ; Carlton and Bazzaz, 1998a ) , and differentially infl uence tree seedling germination, growth and vulnerability to herbivores ( Long et al. , 1998 ; Pickett, 1995 , 2000 ; Krueger and Peterson, 2006 ) . These effects often result in vegetation variation among microsites, often with greater abundance of pioneer species in the more severely disrupted microsites (e.g. Peterson and Campbell, 1993 ) , although such among-microsite variation is not always found ( Webb and Scanga, 2001 ) . Thus, decreases in the variety or abundance of microsites might decrease forest regeneration potential or species diversity in the regenerating area. However, we know of no studies of microsite abundances, composition or diversity after natural disturbance and salvaging.
The existing information about consequences of post-fi re or post-windthrow salvaging in North America are mostly restricted to the north-west (e.g. Donato et al. , 2006 ) or boreal sites in Canada ( Greene et al. , 2006 ; Macdonald, 2007 ) . Donato et al. (2006) found reduced tree seedling density and diversity in salvaged areas of the 2002 Biscuit Fire in Oregon, and Greene et al. (2006) report that although asexual reproduction by Populus was unaffected by salvaging in central Quebec, the regeneration from seed by conifers was much reduced in salvaged areas. To our knowledge, Elliott et al. (2002) and Rumbaitis Del Rio (2006) represent the only studies available on the effect of windthrow + salvaging on regeneration. Consequently, there is yet exceedingly little information about forest response to salvaging after wind disturbance, particularly in eastern North America. Therefore, we report here on the microsite abundances and very early regeneration following moderate windthrow in hardwood forests of central Tennessee, USA. Following Lindenmayer et al. (2004) , we hypothesized that salvaging might destroy treefall mounds and remove tree trunks and crowns in addition to exposing bare soil in skid trails and depositing pruned branches in slash piles. Therefore we expected that salvaging reduces microsite diversity and alters microsite abundance (hypothesis 1). We further expected that since salvaging removes downed stems and crowns potentially capable of sprouting and surviving, it would increase canopy openness at ground level (hypothesis 2). Finally, we expected that microsites with exposed mineral soil (pits, mounds, bare soil patches) and more open conditions (salvaged areas) would contain a higher proportion of shade-intolerant, earlysuccessional species (hypothesis 3) and higher species richness (hypothesis 4).
Materials and methods

Study site
This research was conducted at Natchez Trace State Park and Forest (NTSF), an 18 245-ha natural area located in west-central Tennessee (35º N 88º W). The area lies within the East Gulf Coastal Plain section of the Coastal Plain physiographic province ( Braun, 1950 ) . Braun (1950) classifi ed the vegetation of western Tennessee as belonging to the Mississippi Embayment section of the Western Mesophytic Forest Region. The topography consists of gently rolling uplands separated by broad fl oodplains; elevation averages 165 m above sea level, ranging from 137 to 182 m ( Smalley, 1991 ) . Soils are derived from the McNairy sands geologic formation and consist of well-drained fi ne sandy loams and silt loams with occasional fragipans and a discontinuous loess cap ( Kupfer and Franklin, 2000 ) . The climate is humid continental, with short, mild, wet winters and long, hot, dry summers and an average growing season of 202 days. Mean annual precipitation is 1240 mm, mostly rain falling in the late winter and early spring ( Flowers et al. , 1960 ) .
Much of the park was settled and cleared for agriculture in the 1800s and early 1900s, but the land was abandoned in 1935 and was deeded to the state of Tennessee in 1955 ( Smalley, 1991 ( NOAA, 1999 ) . Forest damage was patchy, and basal area losses ranged from 26.6 per cent to 49.5 per cent in our study area. All of the ' downed ' trees were harvested with the exception of two areas (6 ha each, ~ 2.5 km apart) that were set-aside for research purposes and left unsalvaged. Because two pairs of salvaged/unsalvaged locations were available at NTSF, we sampled at both locations and refer to them as Site A and Site B. Salvage operations removed 105 stems (73 stems ha − 1 ) and 10.88 m 2 (7.55 m 2 ha − 1 ) of basal area in the areas that we sampled.
Sampling design
During June -August 2001, sampling plots were established within salvaged (S) and unsalvaged (U) portions of wind-damaged forest at Sites A and B ( ' stands ' refers to the four site × treatment combinations, i.e. unsalvaged portion of Site A = ' UA ' , etc.). Eight large (30 m × 30 m) plots were used to quantify forest damage in each of the four stands. In the strictest sense, plots may not qualify as replicates because they are nested within stands, and salvage treatments were assigned haphazardly rather than randomly to stands. However, we perform our statistical analyses below as if plots were true replicates; at the scale of this study (e.g. stands cover many tens of hectares), perfect randomization and replication would be diffi cult to achieve.
To quantify relative abundances of microsite types, we sampled along four parallel 30-m lines 10 m apart in each large plot. At 0.5-m intervals along these lines, we dropped a pin and recorded microsite information, yielding a total of 244 points per plot (244 points × 32 plots; n = 7,808 sampling points). We classifi ed points into 13 microsite categories on the basis of the substrate conditions and the nature of overlying materials; this classifi cation is the basis for Figure  2 , but does not utilize vegetation in the microsite defi nition (see ' focal microsites ' below). Substrate was recorded as organic or mineral, and as intact or disrupted. If disrupted, the disruption was recorded as natural (treefall pits or mounds, other natural disruption) or anthropogenic (skid trails, other anthropogenic). Any material overlaying the substrate was recorded as leaves, needles, fi ne woody debris (includes the distal portion of tree crowns and fi ne debris piles in salvaged areas), coarse woody debris (includes tree trunks), moss or nothing (bare). We also recorded the identity of any vascular plants touching the pin below 1.5 m (ferns, sedges, grasses, to genus for shrubs and to species for trees). From this inventory, we calculated the total absolute area covered by each of the following microsite types: intact bare mineral soil, intact bare organic soil, treefall root pits, treefall mounds, other naturally disturbed soil (e.g. eroded stream bank), intact leaf-covered soil, intact needle-covered soil, fi ne woody debris, coarse woody debris, stumps, moss, skid trails and other anthropogenically disturbed soil.
We investigated the vegetation and environmental conditions in detail within the fi ve most common wind-related microsite types (focal microsites): treefall pits, treefall mounds, downed tree crowns, patches of bare soil (intact soil, sparse litter, no vegetation) and Vitis rotundifolia patches. Note that in contrast to the general microsite abundance inventory above, here we include a vegetation-defi ned microsite: Vitis rotundifolia was the most locally abundant groundlayer vegetation and therefore used as a vegetated microsite category. Our aim was to use microsite types similar to those used in other studies ( Nakashizuka, 1989 ; Carlton and Bazzaz, 1998b ; Kuuluvainen and Juntunen, 1998 ) . Because most crowns were removed from salvaged areas, we substituted slash piles for tree crowns in salvaged areas when necessary since they were the closest analog to downed tree crowns.
To examine groundlayer (<2 m tall) vegetation and environmental characteristics of microsites, we established 0.5-m 2 circular quadrats in the fi ve microsite types within each large plot. Quadrats were placed in up to three replicates of each of the fi ve microsite types in a stratifi ed random manner, although three replicates were not always available for all fi ve microsite types in each plot. The total number of microsite quadrats was 369 (see Table 1 , for microsite quadrat frequencies).
Within each quadrat, we recorded the species identity and measured the height of all woody stems up to 2 m tall, and visually estimated per cent cover of herbs and vines. Per cent cover was noted for all plant material overhanging the quadrat, whether or not the stem was rooted in the plot (thus total cover could exceed 100 per cent). When species identities were unknown, voucher specimens were collected for identifi cation. Species nomenclature follows the USDA Plants list ( USDA and NRCS, 2002 ) .
We characterized canopy openness using hemispherical photography ( Robison and McCarthy, 1999 ) . Photographs were taken at 1.25 m above the center of each quadrat in late June 2002 using a Nikon 885 Coolpix digital camera fi tted with an FC-E8 fi sheye converter lens (Nikon Corporation, Tokyo, Japan). We used a gimbal mounted on a monopod to level the camera to a zero zenith angle and oriented it to true north prior to taking photos. All photographs were taken in the early morning and early evening hours to minimize the solar glare that distorts the estimates of true canopy cover. Per cent canopy openness was determined from the digital images using Gap Light Analyzer software ( Frazer et al. , 1999 ) , which divides pixels into sky and non-sky classes and calculates canopy openness based on per cent sky pixels relative to non-sky (canopy) pixels ( Frazer et al. , 1999 ) .
We measured soil temperature and soil moisture simultaneously on two occasions in June 2002. Within each quadrat, we measured temperature of the upper 15 cm of soil at three points using Reotemp stem thermometers that were allowed to equilibrate for 45 s. Per cent soil moisture (volumetric water content) of the top 12 cm of soil was determined using a Hydrosense time-domain refl ectometer (Decagon Devices, Inc., Pullman, Washington, USA) at three points within each microsite quadrat. All measurements were taken within 2 h of solar noon. Because soil temperature and moisture can vary dramatically temporally and spatially, readings were averaged within and between sampling periods.
Statistical analysis
Microsite diversity and abundance Because most plots were represented by 244 pin-drop points classifi ed into the 13 microsite categories, we fi rst calculated richness (number of microsite categories) and diversity (Shannon's H ' ) of microsites per plot. These values were then compared among site/treatment combinations to test for a treatment (salvaging) effect, using site (A or B) as a blocking variable and n = 8 plots as replicates. Because natural windthrow levels were not equal across all plots, and severity of natural disturbance is likely to infl uence microsite characteristics, we used the severity of natural disturbance (proportion of predisturbance trees fallen) as a covariate. We examined microsite ' composition ' of plots in two ways: in an exploratory step, we performed detrended correspondence analysis ordination ( McCune and Mefford, 1999 ) to reveal similarity and differences among plots of various treatments in terms of their microsites. To test for differences in relative abundances, we performed G -tests of homogeneity among treatments, using data from all plots pooled within a treatment.
Abiotic conditions
To determine whether environmental conditions (canopy openness, soil temperature and soil moisture) varied predictably among microsite types and/or treatments, we used multivariate analysis of variance (MANOVA). This was done because when dependent variables are correlated, it is more appropriate to use MANOVA than multiple univariate ANOVAs; MANOVA controls for Type I error (which is infl ated when conducting multiple univariate ANOVAs) and adjusts for correlations between dependent variables. Pillai's trace test statistic is extremely robust and its use is suggested when designs are unbalanced, sample sizes are small and covariances are non-homogeneous. We analyzed light, temperature and moisture simultaneously using a 2 (treatment) × 5 (microsite type) facto-rial MANOVA. Environmental data were logtransformed to meet assumptions of normality and homogeneity of variances. Signifi cant main effects or interactions from MANOVA were examined more closely with univariate two-factor ANOVAs.
Vegetation We conducted separate two-way (fi ve microsite types × two treatments) ANO-VAs on herbaceous cover and species richness, and woody seedling density and richness. Data were log 10 ( x + 1) or square root transformed to meet normality and equal variance assumptions. Signifi cant ANOVAs were followed by Tukey's studentized range test (HSD) multiple comparison procedure to determine which means differed signifi cantly from one another. Correlations, MANOVA and ANOVAs were performed using SAS statistical software ( SAS Institute, 1995 ) .
We conducted G -tests of independence to test for differences among treatments in relative abundances of microsite types. We also assigned all tree species to one of three shade-tolerance classes (tolerant, intermediate or intolerant) based on information in Burns and Honkala (1990) and Brown and Kirkman (1990) and conducted Gtests of independence to determine whether successional status (based on proportions of tolerant, intermediate or intolerant) of the seedling layer or abundance of the fi ve most common seedling species differed between salvaged and unsalvaged areas or among the fi ve microsite types ( Sokal and Rohlf, 1995 ) . Species without published tolerance values were excluded from analysis, but because these were rare, their exclusion is unlikely to have infl uenced conclusions.
We used canonical correspondence analysis (CCA) to examine similarities in species composition among quadrats and correlations between compositional variation and resource levels ( Palmer, 1993 ) . Herbs and woody seedlings were analyzed separately because we used different measures of abundance (percent cover for herbaceous vegetation and height for woody seedlings). Quadrats not containing any herbaceous or woody seedling species or lacking complete environmental information were removed from analysis. We included 344 of the 369 quadrats in the herbaceous analysis and 208 in the seedling analysis. Environmental variables used in both analyses include soil temperature, soil moisture and per cent canopy openness; all environmental variables were log-transformed to reduce the infl uence of outliers ( Palmer, 1993 ) . We used PC-Ord software ( McCune and Mefford, 1999 ) to conduct the CCAs, and all environmental variables (soil temperature, soil moisture and per cent canopy openness) were log-transformed to reduce the infl uence of outliers. In the following, all reports of signifi cant tests are signifi cant at P < 0.05.
Results
Microsite diversity
The richness of microsite types per plot ranged from 3 to 11 and was signifi cantly greater in salvaged than in unsalvaged areas ( Figure 1 ) when controlling for blowdown severity (ANCOVA, site was not signifi cant). Evenness of microsites was signifi cantly greater in salvaged than unsalvaged areas (ANCOVA, block was again not signifi cant), and microsite diversity measured as H ′ was marginally greater in salvaged areas than in unsalvaged. Considering all 32 plots, simple linear regression of severity of wind damage vs richness of microsites produced a signifi cant positive relationship ( R 2 = 0.260, n = 32).
Microsite abundance
Intact soil with leaf litter cover was the most abundant of the microsites, followed by fi ne woody debris/tree crown microsites ( Figure 2 , abundances based on soil and debris microsites, and thus do not consider vegetation microsites). Among the fi ve focal microsites that were studied in more detail (and which include vegetationdefi ned microsites), patches of Vitis and downed tree crown microsites were the most abundant, accounting for 58.1 per cent and 22.8 per cent of 2450 sampling points falling within one of the fi ve focal microsites. Bare soil patches (9 per cent), mounds (6 per cent) and pits (4.1 per cent) combined accounted for 19.1 per cent of total coverage. The relative abundances of the fi ve focal microsite types differed signifi cantly between treatments ( G -test). Although Vitis microsites accounted for the greatest overall cover-age, there was more coverage by Vitis microsites in unsalvaged areas than in salvaged areas (data not shown). In salvaged areas, rank order of microsite abundance was Vitis , bare, crown, mound and pit microsite types (in descending order), whereas in unsalvaged areas, it was Vitis , crowns, mounds and pits, and bare soil microsites. Salvaged areas contained a much higher percentage of bare soil microsites (24.8 per cent vs 0.7 per cent) and mound microsites (12.2 per cent vs 2.7 per cent) than unsalvaged areas. However, unsalvaged areas contained more crown coverage (27 per cent vs 14.7 per cent) than salvaged areas.
Microsite environmental conditions
Soil temperature and soil moisture were negatively correlated ( r = − 0.324, n = 369) while temperature and canopy openness were signifi cantly positively correlated ( r = 0.397). Although moisture and canopy openness were not correlated ( r = 0.032), a MANOVA was appropriate because both were correlated with temperature.
Though the sampling design included two sites (statistical blocks), conducting separate MANO-VAs for each site gave similar results. Therefore, we pooled data from the two sites to increase statistical power ( n = 369 quadrats). The two-treatment (salvaged vs unsalvaged) × fi ve microsite type MANOVA revealed a signifi cant multivariate main effect for both treatment and microsite type on environmental variables, but no effect for treatment × microsite interaction (results for MANOVA and ANOVAs are summarized in Table 1 ). Thus, environmental differences among microsites are consistent between the salvaged and unsalvaged treatments.
Because the MANOVA revealed signifi cant multivariate main effects, we examined the responses of the three environmental variables separately in univariate ANOVAs. Soil temperature varied signifi cantly among both treatment and microsite type ( Table 1 ) . Soil temperature was higher in salvaged areas than in unsalvaged areas ( Figure 3 ) . Mounds were warmer than all other microsite types, bare soil patches were intermediate in temperature and pits, crowns, and Vitis patches were coolest ( Figure 4 ). Soil moisture did not differ between treatments ( Figure 3 ) but did signifi cantly differ among microsite types, with pits having the wettest soils, mounds having the driest soils and bare, Vitis , and crown microsites having intermediate soil moisture levels ( Figure  4 ). While canopy openness was higher in salvaged areas than in unsalvaged areas ( Figure 3 ) , it did not differ between microsite types ( Figure 4 ) .
Microsite vegetation
Groundlayer vegetation Total amount of herbaceous cover differed between microsite types but did not differ between treatments ( Figure 5 ) ; Vitis microsites had the highest cover, and crown, open and pit microsites had the lowest. However, because ANOVA revealed a signifi cant treatment × microsite type interaction, differences in herbaceous cover among microsite types were inspected within each treatment separately. In the salvaged areas, Vitis (as expected) had the highest per cent cover followed by the other microsite types, which did not differ in amount of cover. However, in unsalvaged areas, herbaceous cover was signifi cantly higher in mounds and Vitis patches, compared with crowns, pits and bare microsites, which did not differ ( Figure 5 ). Herbaceous species richness differed between microsite types but did not differ between treatments ( Figure 6 ) , nor was there a signifi cant treatment × microsite interaction. Species richness of herbaceous vegetation was highest in bare soil microsites and lowest in crown microsites ( Figure 6 ).
Seventy-fi ve groundlayer species were present in the microsite quadrats. Species with the highest overall cover included V. rotundifolia (41.3 per cent), Parthenocissus quinquefolia (10.8 per cent), The CCA of environmental conditions and groundlayer vegetation revealed substantial sepa-ration of salvaged and unsalvaged quadrats along Axis 1 (data not shown), but the eigenvalue for the fi rst axis was only 0.257, accounting for a meager 1.1 per cent of the variance in species composition.
Tree seedlings Total tree seedling density (all species pooled) was highest in bare soil and pit microsites and lowest on mounds ( Figure 7 ) while crown and Vitis microsites exhibited intermediate density levels; these differences among microsites were highly signifi cant. Seedling density did not differ between treatments, and there was no treatment × microsite interaction. Tree seedling species richness was highest in bare soil and pit microsites and lowest on mounds ( Figure  8 ) , and crown and Vitis having intermediate species richness; these among-microsite differences were again highly signifi cant. Tree seedling rich-ness did not differ between treatments ( Figure 8 ) , nor was there a signifi cant treatment × microsite interaction.
The microsite quadrats contained seedlings of 28 tree species. There were higher percentages of shade-tolerant seedlings (29.6 per cent vs 23.8 per cent) and intolerant seedlings (60.9 per cent vs 53.9 per cent) in salvaged areas ( G -test; Table  2 ) than in unsalvaged areas, whereas there were more intermediates in unsalvaged areas (22.6 per cent vs 9.4 per cent). Several shade-intolerant species such as P. taeda , Quercus stellata , Betula nigra and Ulmus alata were entirely absent from microsites in unsalvaged areas. Oaks, particularly Quercus alba and Quercus velutina , accounted for most mid-tolerant species ( Table 2 ) , but since oaks accounted for a higher proportion of pre-disturbance canopy in the unsalvaged areas, we cannot attribute this fi nding solely to salvaging.
G -tests of shade-tolerance categories revealed that proportions of seedlings in these categories differed signifi cantly among microsites. Mounds had the highest percentage of shade-intolerant seedlings (65.5 per cent) followed by bare (63 per cent) and pit (53.5 per cent) microsites ( Table 3 ). Pinus taeda, Q. stellata, L. tulipifera and Liquidambar styracifl ua were often found in skid trails (A. D Leach, personal observation).
In pit microsites, L. tulipifera (51.7 per cent of all seedlings) and A. rubrum (42.5 per cent) seedlings were the most abundant while Q. alba (42.5 per cent) was the most abundant within crown microsites, S. albidum (41.9 per cent) within Vitis microsites and P. serotina (27.6 per cent) within bare soil microsites. The abundances of these fi ve individual species differed signifi cantly among microsites ( G -test, Table 3 ).
The CCA of seedling and environmental data (data not shown) revealed strong separation of quadrats by treatment, but the total variance explained was again very small. Axis 1 was heavily infl uenced by canopy openness ( r = 0.926). Quadrats in salvaged areas containing lightdemanding species, such as Quercus coccinea , Q. stellata and P. taeda , were separated from unsalvaged quadrats with lower canopy openness and dominance by more shade-tolerant species, such as C. fl orida , Fagus grandifolia and N. sylvatica . Nevertheless, the eigenvalue for the fi rst axis was again small at only 0.295, accounting for 1.8 per cent of the variance in the species data, so we make no further interpretation of this result.
Discussion and conclusions
In this study, we documented greater microsite richness in salvaged areas compared with unsalvaged windthrow areas, along with signifi cant changes in microsite relative abundances and microsite environments among treatments. However, vegetation did not signifi cantly respond to salvage activities in this study 2 years after the disturbance. Indeed, we found greater variation among microsites than between treatments for both environmental conditions and regeneration vegetation. We are not Abbreviations are fi rst two letters of genus and species name ( Liriodendron tulipifera , Quercus alba , Sassafras albidum , Acer rubrum , and Prunus serotina ); df = degrees of freedom. aware of any previous studies that have reported (unconfounded) effects of salvage logging in winddamaged forests, although a number of previous studies document microsite effects ( Nakashizuka, 1989 ; Clinton and Baker, 2000 ; Harrington and Bluhm, 2001 ) . In a related paper ( Peterson and Leach, 2008 ) , we report what we believe to be the fi rst attempt to quantitatively relate combined (natural blowdown + anthropogenic salvaging) disturbance severity to vegetation response at the plot level.
It is not surprising that environmental conditions within individual microsites differ, due to their unique modes of formation and topography. found that soil moisture and light levels differed between intact soil and pit microsites. We found signifi cant microsite effects for soil temperature and moisture; treefall mounds were signifi cantly warmer and drier than pits, which were cooler and moister ( Figure 4 ) . In contrast to the present study, though, Peterson and Pickett (1995) found that light and temperature were greatest in open (=bare: intact soil, no litter or vegetation) and mound microsites but that moisture did not differ. We suspect that the lesser wind damage severity and therefore lesser canopy openness in the present study, compared with Peterson and Pickett (1995) , may have limited the among-microsite differences that have been documented in more severely wind-damaged sites.
Most studies of wind disturbance that consider microsites have focussed on differential seedling establishment and survival between pits and mounds. The pits and mounds created by uprooted trees often increase or maintain tree species diversity by supporting species that are rare in undamaged forest and may be important in determining future species composition. We found that pits had greater tree seedling density ( Figure 7 ) and species richness ( Figure 8 ) than mounds, but in unsalvaged areas, mounds had higher herbaceous cover ( Figure 5 ) . Herbaceous species richness did not differ between pits and mounds ( Figure 6 ). found that pits had greater species richness and diversity, total biomass and stem abundance per square metre than mounds because mounds are more susceptible to erosion and are subject to more extreme temperatures ( Beatty, 1984 ; Carlton and Bazzaz, 1998a ) . proposed that the primary factor affecting differential establishment was higher moisture levels in pits, and this may also be true for pits at NTSF.
In contrast to our fi ndings, Nakashizuka (1989) found that seedling richness and diversity were highest on mounds in old-growth temperate forests in Japan because mounds provided competition-free growing space for tree species with small, wind-dispersed seeds. The raised, mineral seedbed condition of mounds is suitable for germination of these light-seeded species ( Denny and Goodlett, 1956 ; Lyford and MacLean, 1966 ; Peterson and Campbell, 1993 ; Oliver and Larson, 1996 ) and may provide protection from mammalian herbivory ( Long et al. , 1998 ; Krueger and Peterson 2006 ) . Additionally, pits may be subject to litter and water accumulation as well as soil deposition from mound erosion ( Putz, 1983 ) . In cooler and/or wetter climate zones, harsh environmental conditions on mounds may be ameliorated. However, the harsh environmental conditions coupled with high herbaceous cover on mounds may have led to lowered seedling density and species richness at NTSF.
Although none of the vegetation characteristics differed signifi cantly between treatments, herbaceous cover and richness and tree seedling density and richness differed between microsite types ( Figures 5 -8 ) . Bare soil and pit microsites exhibited high herbaceous richness and tree seedling density and richness but low herbaceous cover. Therefore, bare soil and pit microsites may be instrumental to maintaining species diversity of both the seedling and herbaceous layers.
Vitis microsites supported high levels of herbaceous cover but low tree seedling density, perhaps because V. rotundifolia shaded or outcompeted tree seedlings. Like Vitis patches, mounds in unsalvaged areas also had high herb cover but low seedling density. In parallel to our fi ndings, Nakashizuka (1989) found that undisturbed soil patches beneath gaps (equivalent to ' bare ' in this study) did not contribute to maintenance of pioneer species, possibly due to inhibition by dwarf bamboo. Similarly, the fern understory in New England forests has been shown to alter biotic and abiotic conditions, thereby decreasing tree seedling emergence and/or survival ( Horsley, 1993 ; George and Bazzaz, 1999 ) . Similar mechanisms may be operating within Vitis and mound microsites at NTSF. Thickets of Prunus spp. and Rubus spp. are often common following wind disturbance in eastern North America, due to buried pools of viable seeds, and can act to accelerate succession if shade-intolerant species are unable to establish ( Peterson and Carson, 1996 ) . However, high cover by herbaceous plants did not lead to higher proportions of shade-tolerant species in Vitis patches and mounds. Instead, while shadeintolerant seedlings ( Table 2 ) were most abundant within all microsite types, pits had the most shade-tolerant seedlings (44.6 per cent). Because pits and mounds contain high proportions of both shade-tolerant and shade-intolerant species, they may be important for maintaining or increasing species diversity.
Treefall pits and mounds contained very few intermediate-tolerance seedlings (2 per cent and 5.5 per cent, respectively) because few oaks were present ( Tables 2 and 3 ). Mounds may have low retention of heavy and/or round seeds (i.e. acorns), perhaps because they roll off the elevated microsites Carlton and Bazzaz, 1998a ) . Because crown and bare microsites contained the highest proportion of seedlings intermediate in shade tolerance (primarily Q. alba, Q. rubra and Q. velutina ), crowns and bare soil patches may be important for maintaining oak populations. However, whether this is due to decreased mammalian herbivory, moderate environmental conditions or increased seed input from downed and dying oak crowns is uncertain. Oaks are not represented in the seedling layer in proportion to canopy abundance (data not shown) and removing crowns by salvaging may reduce already low oak regeneration.
Differences in resource levels among microsites may be important if they directly affect vegetation characteristics. That the fi rst three axes of the CCAs accounted for only a miniscule portion of the variation in species composition of the both herbaceous (Axis 1 = 1.1 per cent, Axis 2 = 0.5 per cent, Axis 3 = 0.2 per cent) and seedling (Axis 1 = 1.8 per cent, Axis 2 = 1.3 per cent, Axis 3 = 0.4 per cent) layers may suggest that soil temperature, soil moisture and canopy openness did not strongly infl uence species composition. However, our characterization of soil temperature and moisture was coarse and may have missed extremes that could infl uence vegetation; thus, the apparent limited infl uence of these environmental factors should be interpreted cautiously. Other factors that were not measured, such as seed availability, nutrient availability or soil organic matter, may be more important.
A number of studies (reviewed in McIver and Starr, 2001 ) led us to expect higher soil temperatures, lower soil moisture and higher light levels in the more open, salvaged stands since selective logging and the use of heavy machinery removes woody biomass from disturbed areas. Indeed, we found that the temperature and canopy openness were signifi cantly higher in salvaged areas but treatment did not affect soil moisture. Most of the studies reviewed in McIver and Starr (2001) appear to have had more severe disturbance from fi re than in our study, in addition to more thorough salvaging. It is likely that such differences in combined disturbance severity explain some of the discrepancies between the reviewed studies and our fi ndings.
Overall, microsite type was far more important than treatment in infl uencing vegetation parameters. It is likely that the wind disturbance at NTSF (with or without salvaging) increased diversity of the seedling layer by allowing germination and survival of shade-intolerant species within disturbance-created microsites. The importance of post-windthrow salvaging derives from potential alteration of environmental conditions (particularly soil temperature and canopy openness) and microsite diversity, abundance and composition. Contrary to our expectations, pits and mounds were not destroyed by salvaging operations and more existed in salvaged areas due to higher levels of uprooting in the natural windthrow (A.D. Leach and C.J. Peterson, unpublished data). However, salvaging operations were of very low intensity at NTSF and this generalization may not hold following higher severity disturbance and/ or higher intensity logging operations. This leads us to suggest that the impacts of salvage logging on forest regeneration potential and diversity are likely to vary along a combined severity gradientone that sums the combined severity of the natural and the anthropogenic disturbances. This is consistent with some recent conceptual treatments that predict forest response to combined natural and anthropogenic impacts by summing the effects if the impacts occur in quick succession ( Frelich and Reich 1999 ; Roberts, 2004 ) . In this perspective, the combined disturbances are unlikely to cause drastic shifts in composition and diversity if summed severity is low, but the risk of such deleterious changes will increase as severity increases ( Roberts, 2004 ) , perhaps with a threshold (e.g. Frelich and Reich, 1999 ) . In some cases, unexpected and undesirable consequences may result ( Paine et al. , 1998 ) .
Research documenting microsite and vegetation characteristics after wind disturbance and both before and after salvage logging, across a range of combined disturbance severities, would allow determination of whether and how salvaging truly affects microsite abundance, environmental conditions and vegetation characteristics.
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